A simple mechanism is offered that accounts for a change in the long-term (decadal scale) mean of ocean temperatures as the El Niño-Southern Oscillation (ENSO) amplitude changes. It is intended as an illustration of a kinematic effect of oscillating a nonlinear temperature profile with finite-amplitude excursions that will cause the Eulerian time mean temperature to rise (fall) where the curvature of the temperature is positive (negative) as the amplitude of the oscillations increases. This mechanism is found to be able to mimic observed changes in the mean sea surface temperatures in the Pacific between the 1920s, 1960s, and 1990s due to the changing ENSO amplitude. The effects alter both the calculated mean surface temperatures and the time mean temperatures at depth. It also results in a skewness of the temperature distribution that shares many properties with the observed SST. In this model, the time-local gradients of temperature never change if referenced to a single isotherm (i.e., the Lagrangian description is one of DT/Dt ϭ 0). This implies that changes in the amplitude of ENSO will have no influence on the stability of the underlying system, and that the simple Eulerian decadal mean temperature structure has no predictive value. This is in direct contrast to recent work that ascribes a change in ENSO statistics as due to a change in the background state.
Introduction
Recent studies on the decadal changes of El Niño-Southern Oscillation (ENSO) have spurred interest in the relationship between the amplitude of the El Niño-La Niña cycles and the "mean" state of the equatorial Pacific. The prediction of individual ENSO events has shown that the low-frequency variation of the climate system may be predictable, even though the highfrequency components are chaotic. A hope remains that perhaps low-frequency (decadal) variability of ENSO may be understandable or predictable even if the evolution of a single El Niño event cannot be reliably forecast for more than a year or two. It is believed that the key to such skill would lie with the proper diagnosis of the low-frequency behavior of the tropical ocean-atmosphere system. Kirtman and Schopf (1998) found that decadal variations in ENSO strength and predictability were to be expected, even in a system that was tropically confined. They also found small changes in the background mean states over decadal time scales, but were unable to isolate the source of this low-frequency behavior. By biasing the mean winds in accordance with the change in the mean state and removing the effects of noise, they were able to demonstrate that in going from a decade of weak oscillations to one with strong oscillations, the system changed from one that did not sustain ENSO oscillations into one that maintained a robust oscillation. They attributed the change in ENSO properties to the change in the background state. Fedorov and Philander (2001) analyzed how specific changes in the mean background state would alter the character of the underlying oscillator, yielding changes in the growth rate and frequency of ENSO. They assert that decadal-scale changes in the mean state would explain the changes in ENSO, and that the changes between the 1960s and 1990s are consistent with their theory. An alternative view is presented by Flügel et al. (2004) , which asserts a null hypothesis that ENSO is a linear stochastically forced system, and that changes in ENSO could be purely the result of changes in the noise forcing. They argue that in such a model, there would be no correlation between the mean state changes and ENSO variations. The observational record seems currently insufficient to distinguish these hypotheses.
There is reason to question whether changes in the long-term mean state of the system cause changes in ENSO, whether they can happen independently of changes in ENSO, or whether they are the result of changes in ENSO. Both the Kirtman and Schopf (1998) and Fedorov and Philander (2001) studies use simplified models of the coupled system. Recent works by Rodgers et al. (2004) and Yeh and Kirtman (2004) study the relationship between the amplitude of sea surface temperature (SST) variability in the eastern equatorial Pacific and the time-local low-frequency character of the basin SST patterns from coupled ocean-atmosphere global general circulation models (CGCMs). Rodgers et al. (2004) have studied the asymmetry of El Niño and La Niña by examining composites constructed from a CGCM. They find that the positive anomalies of El Niño in the eastern Pacific are larger than the negative anomalies associated with La Niña, and that the negative anomalies of La Niña in the western Pacific are larger than the positive anomalies during El Niño. They then point out that the change in the mean state between decades of high ENSO variability and decades of low ENSO variability are consistent with the view that the change in mean state is perhaps a "residual" effect of the larger ENSO variability, and may not be the cause of the changes in ENSO.
Yeh and Kirtman have computed empirical orthogonal functions of the low-pass-filtered SST from a different CGCM. The leading EOF represents a nearly uniform warming throughout the tropical Pacific (Fig. 1) , but it was found that this mode is not correlated with the amplitude of ENSO variability. The second EOF is found to have high correlation with ENSO. This second mode has warming along the equator in the central to eastern Pacific, with a strong cooling in the western Pacific. Yeh and Kirtman also conclude that a causal link between the decadal mean SST and increased ENSO variability cannot be established any more than simply the opposite: larger ENSO variability may be causing an accounting of decadal means to yield a high correlation between mean SST and ENSO amplitude.
It is this link between larger ENSO variability and a residual effect on the decadal mean temperatures that is the primary focus of this paper. We seek to explain how such a residual might work, and to set forth a hypothesis creating a link between ENSO variability and changes in the mean. We will also discuss how this view alters the approach one should take toward modeling studies of the role of the mean state on ENSO.
In short, the results of Kirtman and Schopf (1998) and Fedorov and Philander (2001) are called into question: if the changes in the mean state are simply kinematic, can we discern between changes that are fundamental to the oscillator and those that are not? Fluegel and Chang's hypothesis that variations in the noise are the source of decadal variations in ENSO may still be relevant, but the system presented here has an essential nonlinearity that leads to the conclusion that changes in ENSO variance must lead to a change in the Eulerian time mean structure of the thermocline.
Along the way, we will highlight how the mechanism proposed also leads to some features of the observed SST anomalies associated with ENSO: the preference for warm anomalies to be found in the eastern part of FIG. 1. First two EOFs from Yeh and Kirtman (2004) coupled GCM study. (top) The first mode does not correlate with variance of the Niño-3 SSTA, while (bottom) the second mode has a correlation coefficient of 0.76. the basin, with longer periods of small negative anomalies, while in the western portion of the basin, the negative anomalies are larger and shorter. Similar asymmetries have been found in the heat content (Tang and Hsieh 2003) . Figure 2 shows the SST anomalies computed from the National Oceanic and Atmospheric Administration (NOAA) Extended Reconstructed SST (ERSST) product (Smith and Reynolds 2003) , where this behavior can be noted by comparing the warm events of 1972, 1982, and 1987, with the cold anomalies in 1956, 1974, 1976, 1989, and 2000 . The warm events are strongest east of 150°W, while the cold events are strongest between 150°W and the date line. While the view of An and Jin (2004) may well explain the asymmetry of the largest ENSO events, the mechanism discussed here provides a simpler view of the skewness of ENSO statistics across a wide range of amplitudes.
One of the major problems in describing the decadal mean statistics of SST is that ENSO is not purely periodic. One can view the problem of ENSO residuals as simply a "counting" difficulty. If in any one decade, there happens to be an "extra" El Niño, the apparent average temperature will warm. An extra La Niña will lead to a cooling. But this description is not likely to be systematic. Over long integrations of CGCMs, the likelihood of an extra warm event during any one sampling interval is similar to that of an extra cold event. In our discussion below, we will assume that ENSO is purely periodic, and conduct our analyses over multiples of the period, so no such artifact is included. We will show that there is still an impact of changing ENSO amplitude on the mean surface temperature.
The view presented here is one of an overly simplified kinematics for ENSO. It may be criticized for overlooking the role of surface heat fluxes, diapycnal mixing, lateral mixing, the seasonal cycle, and more complex descriptions of the advective and wave fields, such as the equatorial undercurrent. These more complex mechanisms are certainly part of El Niño, but we want to examine this simple mechanism as the baseline from which to consider the concept of ENSO residuals. It can also serve to investigate whether the higher-order effects contribute to or damp the effects of such residuals. In essence, however, the concept of SST change by the Kelvin wave-induced motion of the thermocline is at the heart of most theories and models of ENSO, starting with the model of Bjerknes (1966) and including the delayed oscillator (Schopf and Suarez 1988; Battisti and Hirst 1989) , recharge oscillator (Jin 1997) , the "western Pacific paradigm" (Weisberg and Wang 1997) , the advective-reflective concept of Picaut et al. (1997) , as well as the Zebiak-Cane numerical model (Zebiak and Cane 1987) . Since the essence of most theories of ENSO is anomalous advection, we look to advection as a first explanation of an ENSO residual.
In section 2, we present the simplest version of the mechanism, a one-dimensional view of El Niño. This serves to illustrate the mechanism, but is subject to criticism on several points: the shape and location of the anomalies would not really be confused with what is seen in nature, the location of the maximum anomalies, etc. Section 3 proceeds to examine more realistic temperature profiles, while section 3a introduces a two-or three-dimensional view of the process. The addition of an extra dimension does not change the basic functioning of the mechanism, but overcomes several objectionable properties of the 1D view. Section 4 examines the relationship between the mechanism seen here and the skewness statistics for ENSO.
A simple model of El Niño
The simplest kinematics of El Niño in the ocean can be thought of as an oscillating front between the cold waters of the equatorial cold tongue in the eastern Pacific, and the warm surface waters of the western Pacific warm pool. A minimal model has a sloping thermocline in the form of a front separating two classes of water: to the east and below the thermocline the water is a cold, uniform 24°C, while to the west and above, the water is a warm uniform 30°C. Figure 3 shows the front at three different times. Whether one views this front as horizontally advected west and east, or vertically advected up and down, the pattern of surface temperature in longitude and time will be a wavy line separating the two classes of water.
In this view, larger ENSO periods only have larger excursions of the front separating the warm and cold water. Figure 4 shows three realizations of this model.
The differences in these cases are simply the size of the excursions. The changes in the amplitude of the excursions is significantly larger than we would estimate from the observational record, but this simply serves to highlight the effect of the residuals. The time mean of each of the three cases is presented in Fig. 5 , which shows that larger excursions lead to an alteration of the time mean state. If the water is warm to the west and cold to the east, the sense of the change will be to make the mean look warmer to the east and colder to the west. (As will be shown later, the peculiar shape of the time mean SST in Fig. 5 is due to the overly simple choice of using a step function for the advected temperature structure.) Anomalies from the mean are also shown in Fig. 4 . While the anomalies do not reproduce the observed anomalies in many respects, we see that large warm anomalies are found in the east and large cold FIG. 3 . Hypothesized temperature structure at three different times. Water to the east or below the front is cold, water to the west or above the front is warm. anomalies are found in the west, and that larger excursions do indeed produce larger regions of strong anomalies. In these realizations, the front has been centered at 150°W. What is notable about this analysis is that the processes involved here are essentially adiabatic and kinematic. It explains a preference for warm anomalies to be larger and shorter lived in the east and colder to the west. It also yields a skewed spectrum and it provides a residual effect of increasing ENSO amplitude on the mean state. The sense of the change in the mean state is consistent with the results of Kirtman and Schopf (1998) , Yeh and Kirtman (2004) , and Rodgers et al. (2004) .
Generalizing
In order for there to be a relationship between the size of ENSO oscillations and the mean state, there must be a basic nonlinearity in the system. The model for SST can be written
where f is a general nonlinear function. Here X(t) describes the position of the oscillating front with the x origin assumed to lie at the time mean location of the front. Here A is the amplitude of the excursions. Although the position X is described as a horizontal position, it may be due to vertical, horizontal, or combined motion of the water parcels.
In the above example, the nonlinearity lies in the specification of the temperature field that is advected: X(t) ϭ sin(t), and f( y) ϭ c Ϫ bH( y), where H is the Heaviside step function. The function f does not need to be a simple step function, but it must be nonlinear. (If f is linear, we find that the time mean of T is a linear function of x, independent of A.) With f a nonlinear function, then a residual effect is found. It is possible to analyze the partial derivative of the mean temperature to the size A of the oscillation. For our simple case,
In general, the explicit determination of the sensitivity of the mean to A is more difficult, but the sense of the effect may be estimated by examining the curvature of the function f over length scales typical of the excursions (A||X||). If the curvature is positive (negative), then an increased amplitude will increase (decrease) the mean temperature: if the nonlinearity is small, use a simple quadratic for f
An approximation to the state of the tropical Pacific can be obtained by choosing
Figures 6-7 show the SST, SST anomalies, and time mean SST for a temperature profile (5) with a o ϭ 26.1°C, a 1 ϭ 3.5°C, T o ϭ 24°C, and L ϭ 40°longitude. Also shown in Fig. 7 is the observed mean SST along the equator, taken from the 1950-2001 ERSST data.
We can see that in the western half of the basin the curvature is negative, while to the east, it is positive. Enlarging ENSO variability would have the effect of making the eastern part of the basin appear warmer in the mean, as is reflected in the results. Examination of the ERSST data for the 1910s, 1960s, and 1990s shows changes in the mean temperature along the equator. Figure 8 shows the 15-yr means for periods centered at 1915, 1967, and 1990 . The latter period has higher ENSO variability, as may be seen in Fig. 2 , and the change in the mean temperatures over these two periods is suggestive of the changes in Fig. 7 , if only in the flattening of the zonal gradient and the warming in the eastern portion of the basin. A metric of ENSO activity during these three periods can be obtained by computing the standard deviation of yearly mean SST over the epoch, then averaging between 90°a nd 150°W. The values for the periods centered on 1915, 1967, and 1990 are 0.72°, 0.82°, and 0.88°C, respectively. For reference, the standard deviation of the three cases in Fig. 7 are 0.40°, 0.99°, 1.48°C.
This comparison should not be taken as a verification of the advective mechanism. There are several important discrepancies and the quality of the data is perhaps not sufficient to draw significant conclusions. First, the temperatures in the western Pacific do not show a cooling during increased ENSO activity. Second, the temperatures at the eastern end of the equator seem to become warmer. There may be a zonal mean bias of SST that has increased from the 1920s to the present. Removing such a bias would show a more consistent relationship to the results shown in Fig. 7 .
Effects on the thermocline
If we take the view that the oscillating front has a uniform slope in x-z space, then we reach the conclusion that the residual effect extends not only from the surface, but should be reflected in the mean thermocline as well. Figure 9 shows the vertical sections of the time mean temperature from cases 1 and 3 of the data used in Fig. 6 , when the thermocline is assumed to slope uniformly to the west. The bottom panel shows the difference between case 3 (high variability) and case 1 (low). When the oscillations are larger, the time mean thermocline appears to be more diffuse. But it is a feature of this model that the static stability is a function of the temperature, independent of time or space. Whether the oscillations are large or small, the stability of the water column where the temperature is 20°C is invariant.
One may construct other shapes for the thermocline, so that isotherms may flatten in the western Pacific. With such a change, it would become necessary to distinguish whether perturbations were in x or z or some combination, in order to understand the change in the mean. For instance, if the thermocline flattened completely in the west, then horizontal motion would induce no changes in temperature, while vertical motions would. Again keeping with the intent to build a simple explanation of residuals, assume that the flow field consists of laminar, reversible motion along closed path lines (i.e., the flow goes back and forth along a single path). The Lagrangian depiction of the flow can be written as Let x now represent the position along the pathline, not the horizontal distance. Oscillating flow back and forth along the pathline will have the same effect as we computed when we presumed that the pathlines were horizontal (or vertical). For example, suppose we have a streamline that has vertical motion at the base of the thermocline in the western Pacific that connects 
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smoothly with a horizontal excursion near the surface in the east. If we look at the distribution of T(x), and let the x origin lie in the deep western Pacific, we would see cold temperatures near the origin, then a steep rise to the warm pool, then a decline back to the cold tongue. The situation is sketched in Fig. 10 . Again applying our understanding that regions of negative curvature of T(x) will experience cooling, and regions of positive curvature will experience warming as ENSO cycles increase, we would conclude that the Eulerian time mean structure of the thermocline would appear to broaden in the western Pacific, and the zonal gradients along the equator would appear to flatten. All of this would happen due to the Eulerian view of cyclic advection of properties with a nonlinear value along the streamline. Modifications to the changes shown in the bottom of Fig. 9 would be to strengthen the warming and cooling in the west, reduce the warming between the date line and 150°W at depth, and introduce more warming at depth in the east. If one thought of these changes as due to a fundamental change in the thermal structure of the ocean, they would tend to produce a negative feedback on ENSO oscillations. Larger oscillations would lead to more diffuse thermoclines in both the east and west and shallower gradients of surface temperature along the equator. These would appear to be less unstable to perturbations, and which would lead to smaller ENSO cycles. But the oscillatory Lagrangian view maintains that when the cycle of motion is near its center, there would once again be no way to distinguish whether the system were in a large or small ENSO state.
In experiments with a hybrid coupled GCM, decadal changes in the strength of ENSO have been simulated over a 1000-yr run. The model is based on the Poseidon ocean (Schopf and Loughe 1995) coupled to a statistical atmosphere, in a fashion similar to that used in Kirtman and Schopf (1998) . The 50-yr periods centered on years 250 and 750 of the simulation showed differing ENSO amplitude: during the later sample, the Niño-3 SST variance was 0.9°C 2 , the earlier period having a variance of 0.54°C 2 . The difference between in the 50-yr Eulerian mean thermal structure is presented in Fig. 11 . It can be seen that the decade with larger ENSO am- plitude produces a shift in the mean that is consistent with the view presented here and in Fig. 10 .
Skewness of ENSO statistics
As has been noted, the statistics of Niño-3 SST anomalies are skewed, with large positive values more common than large negatives. The skewness is large and positive in the east, and very slightly negative in the west.
As can be seen from Fig. 6 , our simple advective model produces similar behavior in the eastern portion of the basin. To put it simply, near the far eastern edge of the excursion of the front, the temperature remains at the cold value for all but the shortest times. The time mean remains close to the cold temperature, so the appearance of warm water looks like a large positive anomaly. The "Niño-3" SST anomaly can also be computed from these models, as the anomalous SST averaged between 90°and 150°W. This is shown in Fig. 12 . While the negative phase of the larger cycle shows only a 2.5°C anomaly, the "El Niño" amplitude is over 3.5°C.
Unlike the case where the residual effect on the mean temperature requires nonlinearity, there is another mechanism embodied in our model that can describe skewed statistics, even in the face of a linear SST gradient: the function X(t) may contain higher harmonics on a basic periodicity. Suppose
where r is some small value like 0.2 or so; in this case, the isotherms advance rapidly to the east, and retreat quickly. If we use a linear profile of temperature: f( y) ϭ ay and r ϭ 0.2, we find that the mean temperature is insensitive to the amplitude A of the oscillations, and the skewness is nonzero (ϳ0.4) but insensitive to the size of the oscillations.
Applying this dual-frequency temporal behavior with r ϭ 0.2 to the hyperbolic tangent function f given by (5) yields that behavior shown in Figs. 13-14 . In this case the skewness does depend on the amplitude A, but reflects more closely the observed behavior. (Skewness is here taken as the third moment about the mean, divided by the third power of the standard deviation.)
Discussion and conclusions
The model presented here attempts to shed light on a way in which decadal changes in ENSO amplitude will lead directly to a synchronous change in the Eulerian time mean properties of the surface temperature and thermocline. Larger ENSO cycles lead to statistics that show a flatter, more diffuse looking time mean thermocline purely by kinematic effects. The mechanism is extremely simple, relying on a nonlinearity in the temperature field and an oscillating advective mechanism. It shows that a change in the statistics of the long-term "mean" temperature may be found even in the absence of diabatic effects. It is intended as a cautionary note on the use of time mean statistics in attempting to understand relationships between the mean temperature and El Niño.
An analysis of the ERSST data shows that changes in the 15-yr mean temperatures averaged between 4°S and 4°N exhibit changes with similar magnitudes to those described by the kinematic mechanism, and with a similar change in the zonal gradient of temperature, but the sample is far too limited to ascribe the cause of the observed change as due to the mechanism presented here, and there are significant differences between the nature of the changes seen and those hypothesized. Our intent is not to explain the observations in detail, but to elucidate one mechanism that may operate.
The findings of Kirtman and Schopf (1998) and Fedorov and Philander (2001) that decadal changes in the background state can have an influence on ENSO are challenged by this residual effect. We propose an alternative null hypothesis that the residual effect may also be found to be consistent with the data. The threedimensional changes in the thermocline due to changes in the Eulerian time mean statistics would be to have a flatter and deeper thermocline, as would be inferred from Fig. 10 . A similar effect may found for the wind stress.
The changes in the mean state found by Kirtman and Schopf (1998) are also consistent with a residual effect: larger ENSO variability corresponds to warmer SSTs in FIG. 12 . Niño-3 index obtained from the data used in Fig. 4 . the cold tongue (by only a fraction of a degree), and cooler temperatures in the western warm pool. Kirtman and Schopf then demonstrate that a small bias in the time mean winds would alter the stability of the underlying oscillator, taking it from a regime where the oscillations were self-sustained in the absence of noise over to a regime where the system was damped. By the use of a wind model based on the Niño-3 SST anomaly, their system sees larger ENSO oscillations as an increase in the time mean wind because the Niño-3 region is fixed in space and averages over a region with largely negative curvature. If the atmosphere reacts to SST in a more subtle fashion, it would seem unreasonable to expect the same change in zonal mean wind just due to altered ENSO amplitude.
The incentive for this study was the noted difference between EOF1 and EOF2 of the Yeh and Kirtman (2004) study, both of which show decadal changes of SST along the equator. We presented that data to demonstrate that changes in the decadal Eulerian mean have been observed, and they are on the order of changes due to the residual effect. What can be learned from an examination of the principal components in the Yeh and Kirtman (2004) model study is that it is easy to select 150-yr periods from the long model record in which the leading EOF of low-passed SST has a high correlation with the ENSO variability. These correlations seem spurious, since the overall correlation is approximately 0.05. Examining 150 yr of recent observations seems no less likely to give spurious correlations. FIG. 13 . Temperatures with X(t) ϭ sin(t) ϩ 0.2 cos(2t) and f given by Eq. (5). Light shading denotes regions where the anomaly is greater than 2°C; dark shading, where the anomaly is more than 2°C negative. When working with model or observational data, a larger problem arises, since ENSO is not purely periodic, there is no uniform period over which one can construct a decadal-scale average. The mechanism constructed here is independent of this effect. If the "counting" problem is the main effect in altering the decadal means, then a running decadal mean should show the same periodicity as ENSO itself, albeit with a smaller amplitude. This can indeed be seen in the ERSST data when a 15-yr box-car smoother is applied, particularly 7.5 yr before or after the largest events. Figure 15 shows the anomalies of 15-yr running mean SSTs from the ERSST data. The warming in 1975 and again in 1980 correlate well with the edge of the smoother encountering the 1982 and 1987 El Niño events, but there is clearly lower-frequency change. The ENSO residual effect by the advective mechanism should be separable from this counting effect.
a. Relationship between the mean state and prediction
In most of the examples given above, the temperature distribution along the equator at any moment has a single shape that is merely displaced in the zonal direction. Figure 16 shows temperature sections from two different times of a model using (5). These may have been extracted from the system running with small amplitude (cases 1) or large amplitude (cases 3). They may also have come from the case shown in Fig. 6 or Fig. 13 . There is no way to tell. The gradients of temperature are the same, relative to the absolute temperature: that is, wherever the water is 27°C, the zonal and vertical derivatives of temperature will be the same. If the system were in a state given by the top panel in Fig. 16 , a model based on the Bjerknes (1969) hypothesis would produce the same SST response for a given wind perturbation, independent of whether it was extracted from an epoch like case 1, 2, or 3. This is in spite of the fact that the decadal means of the three cases are quite strongly different. Thus, the strength of any ENSO oscillator would be independent of the decadal mean temperature. While residual effects of ENSO on the mean state are likely, they should not have an impact on the future evolution of the system. If one were to follow the arguments of Fedorov and Philander (2001) , examining the decadal mean Eulerian state should be sufficient to be predictive of the evolution of ENSO variability: the growth rate and period of ENSO events would be expected to change. But the view set forth by the present paper states that we must not look at the Eulerian time means for this change in behavior, but to a more complex measure of the stability properties of underlying oscillators.
The alternative view of Flügel et al. (2004) may well be operating: if the projection of noise forcing on the stochastic optimals changes on the decadal scale, the amplitude and character of ENSO may be altered. Then, the residual mechanism would imply a change in the Eulerian time mean background state. There may well be a correlation between the decadal mean statistics and ENSO, but the result will still be unpredictable, because its source is the stochastic changes in the noise field.
If systematic changes in the background state are to have an influence on the growth or amplitude of ENSO, they must influence the time-local total SST field, not the anomalies. We have shown a mechanism whereby the time-local fields can be identical, while the anomalies vary widely through the definition of the mean. The conundrum found by Rodgers et al. (2004) and Yeh and Kirtman (2004) is that they can detect a shift in the mean during changes in the ENSO amplitude, but they cannot say that these changes are either cause or effect of the varying amplitude. It can be shown that the sense of the changes is consistent with the present mechanism, but there is still much room for substantive theories of how changes in ENSO amplitude alter the mean in distinguishable ways.
b. Extension to tropical instability waves
The effects presented here operate for any oscillatory adiabatic reversible Lagrangian flow. If one examines Fig. 10 as a representation of the north-south thermal structure (with 4°N at the left, 0°at the right), it can be seen that the oscillations of tropical instability waves (TIWs) will also appear to have an effect on the Eulerian mean temperature.
Larger-amplitude TIWs will appear to have a smoother transition of the mean SST from 0°to 5°N, and will appear to warm the water at 2°N. But this warming is not due to a net diffusive transport of heat: this mechanism is adiabatic and reversible. Every bit of heat that is carried southward during the excursion of the front toward the equator is carried back northward. Of course TIWs may not operate in such a reversible fashion, and there appears to be breaking and mixing, especially in the cusps, where cold water seems carried northward. But the important point here is that changes in the time mean properties of the SST should not be used to conclude whether the TIWs have an important role in transporting heat equatorward: while both ENSO and TIW variability may have important diabatic or irreversible mixing effects, the residuals seen here are artifacts that need more careful accounting than simple Eulerian mean statistics.
ENSO has been known to vary on decadal scales, through processes that are not yet understood. Attempts have been made to relate large-scale changes in the background state as causative effects leading to altered ENSO amplitude, but recent work with advanced coupled numerical models shows that there may be large-scale patterns of SST changes on decadal scales that have almost no correlation with changes in ENSO amplitude. Further analysis reveals that the changes in the background state that are associated with the changing ENSO amplitude are more confined to the equator and show an east-west dipole that has been attributed to a residual effect of the ENSO cycle. We presented a mechanism that illustrates the residual effect, and shows that in a system with an advectively dominated El Niño-La Niña, an increase in amplitude will lead to a warming of the decadal mean surface temperature in the east, and a cooling in the west. The mechanism also results in a skewness of SST distributions with positive skewness in the east, negative in the west. Under certain assumptions, it could also describe a sensitivity of the time mean wind and surface heating functions. Under these assumptions, the change in decadal mean heating would damp the change due to advective asymmetry, but not remove it nor change its sign.
This mechanism is a null hypothesis for the connection of ENSO amplitude to the alteration of the mean state. Changes due to this effect will be in phase with changes in ENSO amplitude. They will act like increased diffusion along the streamlines of anomalous flow in three dimensions
This model is at odds with the view of Kirtman and Schopf (1998) and Fedorov and Philander (2001) . Changes in the Eulerian time mean "background" state may simply be due to residuals, and the changes between the 1920s, 1960s, and 1990s are as consistent with this view as that proposed by Fedorov and Philander (2001) . It permits the view of Flügel et al. (2004) -that changes in the properties of stochastic noise may alter the character of ENSO-but disagrees with their conclusion that changes in the mean state should be uncorrelated with changes in the variance.
The fact that a residual effect operates does not exclude the possibility that there are significant changes in the underlying state on decadal scales, and that these changes may have an effect on the amplitude of ENSO. It simply means that metrics other than the Eulerian time mean must be examined in order to separate the causes of ENSO changes from the effects.
